The time taken for a solid meal to pass through the stomach, small intestine, and colon was measured in 61 patients with irritable bowel syndrome, subdivided according to their presenting symptoms, and in 53 healthy volunteers. Small bowel transit times were significantly shorter in patients who complained predominiantly of diarrhoea (3.3±0.3 vs 4.2±0.2 h; p=001; n=21) and significantly longer in patients who complained predominantly of constipation (5.4±0.3 vs 4.2±0.2 h; p<001; n=23) or pain and distension (5.4±0.4 vs 4.2±0.2 h; p<001; n= 17) compared with controls. Whole gut transit times were shorter in patients who complained of diarrhoea (35±5 vs 53±4 h; p<0.01), and longer in patients with constipation (87±13 vs 53±4 h; p<005) compared with controls. No significant differences in gastric emptying rates were shown between any of the patient groups and normal controls. Thirty-four patients reported pain, particularly in the right iliac fossa, during the meal transit test, and in 25 of these (74%), the onset of the pain was associated with the arrival of residues of the test meal in the caecum. Our results indicate that irritable bowel syndrome intestine as well as the colon.
Irritable bowel syndrome is widely regarded as a disorder of colonic motor activity,-3 though some evidence suggests that it may encompass abnormalities in the motor activity of other parts of the gastrointestinal tract. 4 It may be difficult to show such disorders by measuring intraluminal pressure or myoelectrical activity because of the wide range of normal motor activity and because symptoms in irritable bowel syndrome are usually related to the presence of food in the gut, while measurements of motor activity are more easy to interpret with the bowel empty. We have investigated the effects of abnormal motor activity in patients with irritable bowel syndrome by relating the time taken for a meal to pass through the stomach, small intestine, and colon to the patients' symptoms. An important advantage of this 'meal transit test' is that it does not involve the subject swallowing an intestinal tube. Intubation is poorly tolerated by irritable bowel syndrome patients and Immediately after ingestion of the meal the subject lay supine with the head resting on pillows and measurements of gastric emptying and small bowel transit time were recorded for at least six hours. Subjects were not made aware of the stage of transit of the food during the study. Any symptoms experienced during the study were recorded alongside the transit measurements. No further food or drink was taken until measurements of small bowel transit time were complete. Subjects were then allowed to return home and asked to collect the results of each bowel movement in individual polyethylene bags, labelled with the time and date, for a period of at least 72 hours after the ingestion of the test meal.
GASTRIC EMPTYING
Radioactivity over the surface of the stomach was counted every 10 minutes using a collimated crystal scintillator (Type DM1-2, Nuclear Enterprises Ltd, Edinburgh), positioned over the site of maximum radioactivity immediately after ingestion of the meal, l and connected to a counter ratemeter (Type SR-5, Nuclear Enterprises Ltd). Corrections were made for decay of the isotope. The time taken for the count to fall to half of the initial value (t4) was taken as the index of gastric emptying. This method has been shown to be reproducible and unchanged by incorporating the marker in the solid and liquid phases of the meal.10 Moreover, it can yield as accurate an index of gastric emptying as methods using the gamma camera.11 SMALL BOWEL TRANSIT TIME This was determined by measuring the time from eating the meal to the sustained increase in breath hydrogen concentration that occurred when the unabsorbed carbohydrate residues reached the colon and were fermented by colonic bacteria'2 ( Fig. 1) . The latter was defined as a rise of at least two parts per million above basal values, which continued to rise in samples taken over the ensuing 30 minutes. Samples of end expiratory air were collected before and at 10 minute intervals after ingesting the test meal, using a modified HaldanePriestly tube.'3 The concentration of hydrogen in each sample was measured with a detector incorporatin a metallised membrane, gas sensitive electrode.
WHOLE GUT TRANSIT TIME AND STOOL WEIGHT
The results of each bowel movement during the 72 hour period immediately after ingestion of the meal were weighed and then radiographed to determine the number of plastic markers. ' ANOVA indicated a significant difference between the groups. In view of (a) the significant sex difference in the rates of gastric emptying and stool weights in controls ( (Table 2) . No significant sex differences were found in small bowel transit time or whole gut transit time.
GASTRIC EMPTYING There were no significant differences in gastric emptying (tI) between controls and any of the patient subgroups (Table 3) .
SMALL BOWEL TRANSIT TIME Small bowel transit time ( Fig. 2) Average daily stool weight was lower in patients who complained of constipation than control subjects (p<0.01), higher in male patients with diarrhoea than male controls (p=005), but not significantly different from control in female patients with diarrhoea or with pain and distension (Table 3) .
MEAN STOOL FREQUENCY
Patients with diarrhoea passed more frequent stools compared with patients complaining of constipation (p<0001) and pain and distension (p<0.01) ( Table 3) . Mean stool frequency in the constipated group was significantly lower than in the group complaining of pain and distension (p<0.05).
STOOL CONSISTENCY
Patients with diarrhoea passed a significantly higher percentage of unformed stools compared with those complaining of constipation (p<0.01) or pain and distension (p<0.01) ( There were no significant correlations between the half time for gastric emptying and any of the other measurements in either patients with irritable bowel syndrome or healthy controls. There was a weak significant correlation between small bowel transit time and average daily stool weight in the irritable bowel syndrome group (r=-0.38, p<0.01), but not in the control group (r=0.08). There were no correlations between small bowel transit time and either whole gut transit time or daily stool frequency in either group. There was an inverse curvilinear relationship between whole gut transit time and daily stool weight (log1o daily stool weight vs whole gut transit time; controls: r=-0*65, p<0001; irritable bowel syndrome patients: r=-063, p<0001). Stool frequency was not measured in controls, but correlated inversely with whole gut transit time in irritable bowel syndrome patients (r=-0.44, p<0.01).
DIRECT RELATIONSHIP OF SYMPTOMS TO TRANSIT PROFILES
None of the control subjects reported any symptoms during the study. Fifty-three patients were asked to report any symptoms they experienced during transit measurements. Thirty-four reported abdominal pain and in 25 of these (74%) the pain was temporally associated with the sustained rise in breath hydrogen concentration, corresponding to the entry of test meal residues into the caecum (Fig. 1 ). In addition, five patients complained of abdominal distension, seven of borborygmi and two of an urge to defaecate concomitant with the onset of caecal filling. Moreover, one patient vomited and another complained of nausea, lightheadedness, profuse sweating and a sense of alarm when food residues entered the colon. Figure 3 shows that pain associated with entry of food residues into the caecum was most commonly experienced in the right iliac fossa, but was also experienced at other sites throughout the abdomen.
Discussion
These studies have shown that the transit of food through the small intestine and the colon is faster than normal in irritable bowel syndrome patients, who present with diarrhoea, but slower than normal in irritable bowel syndrome patients, who present with constipation. The changes in the small bowel transit time of a meal have not been previously reported and they emphasise that irritable bowel syndrome should be considered a disorder of the small intestine as well as the colon. 5 6 In spite of the differences between the results from the patient subgroups and normal controls, virtually all of our patients exhibited transit measurements that were within the normal range (Fig. 2 ), yet continued to report abdominal symptoms and exhibit abnormal bowel habit, even during the meal transit test. This suggests that although the alteration in transit may contribute to the symptom pattern, it cannot be considered the only causative factor. It is possible that the colon in irritable bowel syndrome is less able to tolerate the effects of the usual variations in small bowel transit time, especially if this is associated with large changes in the amount of ileal effluent. The temporal relationship between the onset of abdominal pain, particularly in the right iliac fossa, and caecal filling may be explained by the apparent unusual sensitivity of the colon in patients with irritable bowel syndrome to distension16 and chemical stimuli. 17 The presence of pain in the right iliac fossa without evidence of organic disease is a common phenomenon and may result in the removal of a normal appendix or the diagnosis of 'grumbling appendix'.'8 19 The observation that pain, localised to other sites in the abdomen, is temporally related to the entry of food into the colon, is in keeping with the results of balloon distension of the colon, which can induce pain at sites which do not necessarily correspond to the anatomical source. 20 Patients with irritable bowel syndrome exhibit a greater degree of life stress than normal subjects,2' and experimental stress dramatically influences colonic motor activity. 22 We recently found that applying a controlled psychological stress to normal volunteers significantly accelerated small bowel transit, but did not affect gastric emptying.23 This result may explain the rapid small bowel transit in patients with diarrhoea, especially as only irritable bowel syndrome patients who present with diarrhoea exhibit high anxiety scores. 1 The delayed small bowel transit time in constipation is less easy to explain, but could result from a reflex inhibition of small intestinal motility, induced by colonic distension (Youle and Read, unpublished observations), or could be because of a disturbance in humoral or nervous control, shared by both the small and large intestine.
The findings reported in this paper may help to put the management of irritable bowel syndrome on a more rational footing. We are currently investigating how patients with irritable bowel syndrome respond to pharmacological agents which accelerate or retard small bowel transit. The presence of unabsorbable carbohydrate in food is known to accelerate transit through the small bowell' as well as the colon,24 and whether patients with irritable bowel syndrome feel better or worse after ingesting unabsorbable carbohydrate may depend on whether they have abnormally rapid or slow transit times. 
